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THE CRYSTAL STRUCTURE OF OLSHANSKYITE
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ABSTRACT

X-ray intensity datafor olshanskyite, Cag[ B303(OH)s] OH*3H,0, were collected from acrystal from the Fukamine, Okayama
Prefecture, Japan, using a PW1100 Philips single-crystal diffractometer. Olshanskyiteistriclinic, a 7.953(4), b 9.873(9), ¢ 7.362
(6) A, o« 111.00(7), B 94.65(7), y 107.53(7)°, space group P1, Z = 2. The crystal structure was solved and refined to R = 0.017 for
3833 observed reflections and to R = 0.022 for al unique reflections (4419). The anionic group in the structure is a three-
membered ring of boron—oxygen tetrahedra[Bs03(OH)¢] 3. Two independent cal cium atoms occur in adistorted square-antiprism
coordination with five oxygen atoms from the borate group and three hydroxyl or H,O groups external to the borate cluster. The
apparent discrepancies between the unit-cell parameters and the formula unit of olshanskyite resulting from the present research
and those previously determined are attributed to two aternative interpretations of the same chemical and X-ray powder data.
Analogies and differences between the crystal structure of olshanskyite and that of the analogous borate nifontovite
Cag[B303(0OH)g]2*2H,0 aso are discussed. Olshanskyite must be classified asaneso-triborate, and its structureisbased on finite
borate clusters (FBB = 3[]).
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SOMMAIRE

Nous avons prélevé des données de diffraction X d'un cristal d olshanskyite, Cap[B3O3(OH)g]OH#*3H,0O, provenant de la
mine Fuka, préfecture d’ Okayama, au Japon, au moyen d’ un diffractometre Philips PW1100. L’ olshanskyite est triclinique, a
7.953(4), b 9.873(9), ¢ 7.362 (6) A, « 111.00(7), B 94.65(7), vy 107.53(7)°, groupe spatial P1, Z = 2. Lastructure cristalline a été
résolueet affinéejusgu’ aun résidu R de 0.017 pour 3833 réflexions observées (R = 0.022 pour toutes |es 4419 réflexions uniques).
Le module anionique de la structure est un anneau de tétraédres boratés a trois membres, de composition [B303(OH)e] 3. Deux
atomesindépendants de cal cium forment un agencement en antiprisme carré difforme en coordinence avec cing atomes d’ oxygene
faisant partie de groupes de borate et trois groupes d’ hydroxyle ou de H,O externes al’ agencement de borates. L es écarts apparents
entre les paramétres réticulaires et I’ unité formulaire de I’ ol shanskyite documentés dans ce travail et ceux qui sont déja dansla
littérature sont attribuables adeux interprétations alternative des mémes données chimiques et diffractométriques. Nous discutons
des ressemblances et des différences structurales entre I’ olshanskyite et la nifontovite, Cag[B3O3(OH)g]2*2H,0. L’ olshanskyite
serait un néso-triborate dont la structure est fondée sur un agencement fini de tétraedres de borate (FBB = 3[J).

(Traduit par la Rédaction)

Mots-clés: olshanskyite, structure cristalline, affinement, groupe de tétragdres de borate.

INTRODUCTION ported physical and chemical properties of both miner-

as. They provided confirmation of the ideal formula

Olshanskyite was identified as a new mineral by
Bogomolov et al. (1969). At the type locality, it occurs
as fibrous aggregates of twinned crystals penetrating
fresh sakhaite in the magnesian skarns of eastern Sibe-
ria. Kusachi & Henmi (1994) described superior speci-
mens of olshanskyite, together with nifontovite
Cag[B303(0OH)g]2#2H-0, in the gehlenite—spurrite
skarns at Fuka, Okayama Prefecture, Japan, and re-

8 E-mail address: callegari @crystal.unipv.it

unit CagB4(OH)1g given by Bogomolov e al. (1969) and
established the triclinic unit-cell: a 9.991, b 14.740, ¢
7.975 A, o 94.53°, B 69.08°, vy 112.44°, Z = 3. Strunz
(1997) classified olshanskyite among nesoborates con-
taining H,O molecules or additional OH anions.

We have determined the structure of olshanskyite
using a specimen from the Fuka District, Japan and com-
pare it to that of nifontovite herein.
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EXPERIMENTAL

An untwinned crystal (0.34 X 0.17 X 0.5 mm) was
selected for crystall ographic measurements with afour-
circle Philips PW 1100 automated single-crystal
diffractometer equipped with graphite-monochrom-
atized MoKa radiation (A = 0.7107 A). The cell para-
meters were determined by the | east-squares refinement
of the 6 values obtained from 60 rows of the reciprocal
lattice by measuring the center of gravity of each re-
flection in the range between 2 and 35° (6). Crystal
quality was assessed by the profile and width of Bragg
diffraction peaks. Intensity data were collected for the
symmetry-equivalent pairs ikl — hkl in the range of 2 <
6 < 35°. Intensities were corrected for absorption by the
method of North et al. (1968), Lorentz and polarization
effects, averaged and reduced to structure factors.

DETERMINATION AND REFINEMENT
oF THE CRYSTAL STRUCTURE

Details of the X-ray data collection are given in
Table 1. A Patterson synthesis provided the sites of two
independent calcium atoms (Cal and Ca2), whose co-
ordinates were used to cal culate the preliminary phases
of the structure factors. All sites of the remaining non-
hydrogen atoms (i.e., B1, B2, B3 and thirteen oxygen
atoms, O1 to O13) were obtained from successive dif-
ference-Fourier syntheses. The refinement was carried
out with alargely modified version of the least-squares
program ORFLS (Busing et al. 1962) and unit weights
for the structure amplitudes. The following scattering
factors for neutral or ionized atoms were used: Ca?*, B,
H and 120 + 150?for the oxygen sites (Ungaretti 1980).

TABLE 1. SUMMARY OF DATA ON X-RAY REFINEMENT OF
OLSHANSKYITE

Formula unit: Ca,[B;0,(OH)s](OH)+3(H,0)

X-ray single-crystal diffractometer: Philips PW 1100
Radiation: MoK« monochromatized on graphite
Scan: mode w, width 1.20°, speed 0.04°/s

Crystal dimensions: 0.34 x 0.17 x 0.50 pm

0 range: 2-35°

Unit-cell dimensions:
a 7953@4)A o 111.00(7)°
b 9.873(9) B 94.65(7)
¢ 7362(6) y  107.53(7)
zZ 2

Space group: PT

Measured reflections: 8838 (4, +k, +I)
Unique reflections: 4419

Ry (%): 0.021

"Observed" reflections: [I/o(T) > 3]: 3833

Refinement R factors:

"observed" reflections: 0.017 total unique reflections: 0.022

() Rym=EFhkD)-F(RET)/Z[F(hk])+F(RET)]
The intensities were corrected for the absorption due to the shape of the sample
according to North et al. (1968).
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The preliminary refinement with isotropic displace-
ment factors converged to an R of 0.045 for the
“observed” [l/a(l) > 3] reflections; the successive re-
finement with anisotropic displacement parameters gave
an R of 0.026. At this stage, a difference-Fourier syn-
thesis provided the sites of thirteen hydrogen atoms,
which were introduced in the final refinement. The R
factor converged to 0.017 for the “ observed” reflections
and 0.022 for al reflections (Table 1). The formula unit
of olshanskyite obtained from the refinement of the crys-
tal structure is Cay[B303(0OH)e] (OH)*3H0.

Table 2 givesthefinal atomic coordinates and the B
equival ent displacement-parameters; the cation—oxygen
distances, together with the angles in boron tetrahedra,
arereported in Table 3. A bond-valence arrangement is
given in Table 4. The anisotropic displacement param-
eters and the observed and calculated structure-factors
may be obtained from The Depository of Unpublished
Data, CISTI, National Research Council, Ottawa,
Ontario K1A 0S2, Canada.

TABLE 2. ATOMIC COORDINATES AND By, OF OLSHANSKYITE

Atom x y z B

Cal 0.08117(3) 0.03398(2) 0.25741(2) 0.75(1)
Ca2 0.11601(2) 0.67181(2) 0.41741(3) 0.82(1)
Bl 0.2840 (1) 0.0291 (1) 0.6344 (1) 0.66(2)
B2 0.2358 (1) 0.2864 (1) 0.6911 (1) 0.68(2)
B3 0.5283 (1) 0.2874 (1) 0.8530 (1) 0.73(2)
o1 0.2590 (1) -0.0683 (1) 0.4197 (1) 0.83(2)
02 0.2003 (1) -0.0901 (1) 0.7134 (1) 0.87(2)
03 0.1684 (1) 0.1209 (1) 0.6453 (1) 0.78(1)*
04 0.1790 (1) 0.3022 (1) 0.5027 (1) 0.95(2)
05 0.1296 (1) 0.3593 (1) 0.8291 (1) 0.87(2)
06 0.4297 (1) 0.3589 (1) 0.7594 (1) 0.79(1)*
07 0.7226 (1) 0.3539 (1) 0.8568 (1) 1.03(2)
08 0.4976 (1) 03171 (1) 1.0597 (1) 1.22(2)
09 0.4693 (1) 0.1190 (1) 0.7378 (1) 0.80(1)*
010 0.0691 (1) 0.1791 (1) 0.0541 (1) 1.13(2)
011 0.3587 (1) 0.0524 (1) 0.1249 (1) 1.65(2)**
012 -0.0500 (1) 0.3918 (1) 0.2696 (1) 1.28(2)**
013 0.3705 (1) 0.6072 (1) 0.5114 (1) 1.51(2)**
H1 0.355 (3) -0.077 (2) 0.376 (3) 3.4 (4)
H2 0.248 (2) -0.063 (2) -0.167 (3) 3.1(4)
H4 0.246 (2) 0.382(2) 0.491 (3) 3.1(4)
HS 0.100 (2) 0.308 (2) -0.094 (3) 2.9(4)
H7 0.767 (2) 0.446 (2) -0.049 (3) 2.6 (4)
HS 0.502 (2) 0.410 (2) 1.115 (3) 29(4)
H10 0.182 3) 0.219 (2) 0.066 (3) 3.4(4)
Hlla 0.424 (3) 0.128 (2) 0.103 (3) 4.1(5)
Hl1b 0.431 (3) 0.010 (3) 0.166 (3) 47(5)
Hl2a -0.001 (3) 0.320 (2) 0.199 (3) 4.0 (4)
H12b -0.140 (3) 0.379 (2) 0.180 (3) 3.9 (4)
Hl3a 0.427 (3) 0.648 (2) 0.643 (3) 3.6 (4)
H13b 0.452 (3) 0.624 (2) 0.431 (3) 33(4)

All the oxygen atoms belong to hydroxyl groups, except: * oxygen atoms shared
between boron tetrahedra, and ** oxygen atoms belonging to H,O molecules. The
number in the label of each hydrogen atom is equal to the number in the label of the
oxygen atom to which it is bonded. Letters a and 5 identify the two hydrogen atoms
of a H,0 molecule.
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TABLE 3. BOND LENGTHS (A) AND SELECTED BOND-ANGLES (°)

IN OLSHANSKYITE

Cal - 010 2.387(2) Ca2 - 013 2.419(2)
-01 2.429(1) -02 2.422(2)
-010 2.430(1) -05 2.422(2)
-03 2.445(2) -012 2.446(2)
-04 2.446(2) -07 2.457(1)
-0l11 2.468(2) -01 2.467(2)
-02 2.470(2) -04 2.528(2)
-03 2.634(2) -012 2.648(2)

mean 2.464 mean 2.476

Bl -09 1.444(2) B2 -06 1447(2) B3 -09 1470(2)
-03 1461(1) -03  1.456(2) -06 1.471(1)
~01 1.485(2) —05 1.498(1) —07 1.479(2)
-02  1.499(1) —04 1.499(2) -08 1.499(2)

mean 1.472 mean 1.475 mean 1.481

09 -B1-03 1144 06 -B2-03 1137 09 -B3-06 111.3

-01 1149 -05 1149 -07 1074
-02 111.0 - 04 109.9 —08 108.7
03 -B1-01 106.2 03 -B2-05 107.7 06 -B3-07 108.6
-02 1075 -04 1062 —-08 110.1

01 -B1-02 102.0 05 -B2-04 103.8 07 -B3-08 110.7

Bl -03-B2 1239 B2 -06-B3 1192 B3 -09-BI1 121.1

The standard deviation in the angles is 0.1°.

DescRrIPTION AND Discussion
oF THE CRYSTAL STRUCTURE

Projections of the crystal structure of olshanskyite
along [001] and [100] are shown in Figure 1 and 2, re-
spectively. Both projections reproduce the cluster of
borate polyhedra formed by a three-membered ring of
boron—oxygen tetrahedra: [B303(OH)g]®; only Ca—O
bonds are shown in Figure 1, and only O—H...O hydro-
gen bonds are shown in Figure 2. Both calcium atoms
are surrounded by eight atoms of oxygen in a distorted
square antiprism coordination. The different compo-
nents of the crystal structure are roughly arranged on
three adjacent planes parallel to (011): borate tetrahedra
are centered on thefirst plane (Fig. 2); the next contains
Caatoms; the H,O molecules (011, 012, 013) and the
only hydroxyl group (O10) not bonded to boron are ar-
ranged on the third plane. This system of atoms, dis-
posed on three planes, isrepeated perpendicular to (011)
and isalternately inverted according to the symmetry of
space group P1L.

The cluster of boron—oxygen tetrahedra

Figure 3 shows in detail the configuration of the
three-membered borate ring, together with the Ca cat-
ions connected with them. Formally, the actual ring of
tetrahedra can be obtained by independent rotations of
each tetrahedron in an ideal ring, in which the boron
atoms (B1, B2, B3) and the shared corners of the tetra-
hedra (03, 06, O9) arein the same plane. Each tetrahe-
dronisrotated around the edgethat liesin the plane (i.e.,
09/03, 0O3/06 and 06/09, respectively). Whereas the
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TABLE 4. BOND-VALENCE ARRANGEMENT IN OLSHANSKYITE*

Cal Ca2 B1 B2 B3 ZHy, ZH,. total
01 0.29 0.26 0.73 0.76 2.04
02 0.26 0.29 0.71 0.85 2.11
03 0.44 0.78 0.80 2.02
04 0.27 0.22 0.71 0.87 2.07
05 0.29 0.71 0.82 0.19 2.01
06 0.81 0.75 0.38 1.94
o7 027 0.75 0.81 0.08 1.91
08 0.71 0.85 0.37 1.93
09 0.82 0.77 0.40 1.99
010 061 0.93 0.45 1.99
0o11 0.26 1.67 0.15 2.08
012 0.43 1.65 2.08
013 0.30 1.64 0.13 2.07
total  2.13 2.06 3.04 3.03 298 10.85 2.15 26.24

* Calculated after Brown & Altermatt (1985) with the parameters given by Brese &
O'Keeffe (1991).

2H,,, and ZH,_, are the sums of the bond valences corresponding to all O(donor)-H
or, respectively, H...O(acceptor) bonds.

B2 tetrahedron practically retainsitsideal position, the
remaining tetrahedra are rotated by nearly 38° (B3) and
—16° (B1) in opposite directions with respect to the (O3,
06, 09) plane. The three tetrahedra are bonded to the
Ca atoms differently: the B1 tetrahedron shares edges
with three differing Ca polyhedra (two Cal and one
Ca2), the B2 tetrahedron shares edges with two Capoly-
hedra (Cal and Ca2), and the B3 tetrahedron, which
shows the largest deviation from the ideal position in
thering, has only one corner in common with a Capoly-
hedron (Ca2). The tetrahedra are almost regular; their
average B-O lengths are 1.472 A (B1), 1.475 A (B2),
1.481 A (B3). There is some correlation between the
geometrical regularity of atetrahedron and the number
of connected Ca polyhedra. The B3 tetrahedron, which
shares a corner with only one polyhedron, is the most
regular, whereasthe B1 tetrahedron, which is connected
by edgesto three polyhedra, ismore distorted (Table 3).

The calcium polyhedra

Both calcium polyhedra are very distorted square
antiprisms. Cal is coordinated to five oxygen atoms
from the borate cluster, two hydroxyl groups (010) and
one (H,0) group (011); Ca2 is coordinated to five oxy-
gen atoms from the borate cluster and three (H,0)
groups (2 X 012 + 013) (Fig. 1). Apart from the previ-
ously described connections by edge- or vertex-sharing
with the boron—oxygen tetrahedra, the calcium polyhe-
dra are also interconnected and form a network that
extends parallel to (100) (Fig. 4). Chains of Cal poly-
hedraoccur along [001] by sharing alternately the edges
formed by the centrosymmetrical pairs of oxygen atoms
03-03 and 010-010. In addition, couples of Ca2 poly-
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Fic. 1. Projection of the structure of olshanskyite along [001]. H atoms are not drawn.

hedra, which share the edge formed by centrosym-
metrical O12-012 atoms, connect the chains of Cal
polyhedra along the [010] direction. Each Ca2 polyhe-
dron shares respectively one corner (O1) and one edge
(02-04) with two adjacent Cal polyhedra in each
chain. The network so obtained is founded upon the re-
peat of eight-membered rings of calcium polyhedra.

The hydrogen bonds

Thirteen hydrogen atoms are present in the asym-
metric unit: six of them (H1, H2, H4, H5, H7 and H8)
form hydroxyl groups with the unshared atoms of oxy-
gen (01, 02, 04, 05, 07, and O8) in the borate ring;
another hydrogen atom (H210) is part of ahydroxyl group
with O10. Finally, the remaining six hydrogen atoms
(H11a, H11b, H12a, H12b, H13a and H13b) form H,O
molecules with the O11, 012 and O13 oxygen atoms.

Thesitesof al hydrogen atomslieon, or fairly near,
the line segment traced between the sites of two oxygen
atoms, which act as donor and acceptor, respectively,
of one of the thirteen hydrogen atomsin the correspond-
ing hydrogen-bonds. The sitesof al hydrogen atomsare
0.84 t0 0.93 A from the donor oxygen atoms belonging
to the hydroxyl or H,O groups. For eleven of the thir-
teen hydrogen bonds, the H...O distances with the ac-
ceptor oxygen atoms range from 1.7 to 2.1 A, and the
corresponding O...0 distances between donor and ac-
ceptor oxygen atoms range from 2.62 to 2.99 A. In the
other two hydrogen bonds, H...O and O...O lengths are
somewhat longer: H10...08: 2.41 A, 010...08: 3.26 A
and H12b...07: 243 A, 012..07: 3.25 A.

Only three hydrogen bonds (O1-H1...09, O7—-
H7...05 and O8-H8...06) join oxygen atoms of the
borate rings (Fig. 2). Only one hydrogen bond (O12—
H12a...010) connectstwo oxygen atoms external to the
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Fic. 2. Projection of the structure of olshanskyite along [100]. Only bonds in which H
atoms are involved are traced. The lines indicate the traces of three planes paralel to
(011) on which are located, respectively, the centers of borate tetrahedra (dotted line),
Ca atoms (dash-dotted line), and the oxygen atoms of H,O molecules and the unique

hydroxyl group (dashed line).

borate cluster. However, in the mgjority of cases, the
hydrogen bonds (nine of thirteen) link one oxygen atom
(from O1 to O9) of the tetrahedra borate cluster and
one oxygen atom external to the cluster (from O10 to
013). Table 4 clearly shows that the hydrogen bonds
are complementary to the Ca—O bonds: in fact, only the
oxygen atoms (from O5 to O9) that are bonded to less
than two Ca atoms in the borate cluster (Fig. 3) are ac-
ceptor anions in the hydrogen bonds.

Bond valences relative to the hydrogen bonds
(Table 4) were calculated using the diagram (H...O bond
vaences versus H-O bond lengths) reported asFigure 1
in Brown & Altermatt (1985, p. 247). The O—H bond
valences relative to the donor oxygen atoms were ob-
tained by subtracting the H...O bond valences from 1.0.
Thisapproach impliesthat different O—H bond valences
may correspond to equal O—H bond lengths. Further-
more, asthe H sites deriving from the refinement of the
crystal structure appear to be closer to the donor anion
than they actually are, and following the suggestion by
Brown & Altermatt (1985) to consider more realistic
the H site at 0.95 A from the donor, an amount of 0.1 A
was subtracted from all H...O lengths before calculat-
ing the corresponding bond- valences.

COMPARISON OF THE STRUCTURES
oF OLSHANSKYITE AND NIFONTOVITE

Among the borate minerals, only nifontovite
Cag[B303(0OH)g]222H,0 has three-membered rings of
borate tetrahedra similar to those found in ol shanskyite
(Simonov et al. 1978, Hawthorne et al. 1996). How-
ever, apart from the obvious anal ogies between the two
structures due to: 1) the identical nature of the four
atomic components (Ca, B, O, H), 2) the similar borate
cluster, and 3) the eightfold coordination of the Caions,
which also are arranged in layers, no other similarities
are apparent. The reduced number of calcium atoms and
of oxygen atoms extraneousto the boratering (i.e., three
calcium atoms and two oxygen atoms per two borate
rings instead of four calcium atoms and eight oxygen
atoms as in olshanskyite) makes the crystal structure of
nifontovite more compact. In fact, the density of
nifontovite is 2.36 g/cm?, whereas that of olshanskyite
is2.19 g/lomd.

In nifontovite, the borate ring is more regular than
that in olshanskyite; all three crystallographically inde-
pendent tetrahedra are arranged asisthe B1 tetrahedron
in olshanskyite, and each of them sharestwo edgeswith
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Fic. 3. Theanionic group [B303(OH)e]*~ and its bonds with calcium. Note that the three
tetrahedra are bonded differently to Ca atoms.

the cal cium polyhedra, whereasin ol shanskyite the con-
nections between the Ca polyhedra and boron tetrahe-
dra are different. Finally, whereas in olshanskyite the
calcium polyhedra are linked with the formation of a
two-dimensional network, the calcium polyhedra in
nifontovite form zigzag chains, also arranged in alayer,
but without any direct contacts.

Discussion

The formula unit Cay[B303(0OH)e] (OH)*3H,0 and
the unit cell of olshanskyite derived from the structural
results are different from those reported in the papers
by Bogomolov et al. (1969) and Kusachi & Henmi
(1994). However, the experimental data obtained by
these authors can be equally interpreted according to the
new formula unit and the new unit cell, as shown in
Table5. Actually, their unit cell derived from the X-ray
powder datais easily transformed into the new one by
dividing by 2 the b parameter and by reducing the cell
so obtained (Table 5, columns A and B). This operation
is clearly not consistent with the presence of the reflec-
tions with £ odd in the X-ray powder diagram (Table 4
of the paper by Kusachi & Henmi 1994). However, re-

indexing the powder pattern of Kusachi & Henmi (1994)
from a theoretical powder pattern calculated from our
structure produces an indexing consistent with our space
group (i.e., k # 2n + 1).

The chemica composition inferred from the crystal
structure (Table 5, column C) fits fairly well with the
observed chemical composition (column A), evenif the
agreement of the latter data with the formula given by
Kusachi & Henmi (1994) is slightly better (column B).
Finally, the concordance between the observed and cal-
culated density (2.19 versus 2.20 g/cm?3) favors the
chemical composition given in the present paper.

On the basis of the results of our research, olshan-
skyite is a neso-triborate (Strunz 1997), and its crystal
structure is based on finite borate clusters (FBB = 3],
Hawthorne et al. 1996).
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Cai

Fic. 4. The network of Capolyhedrain the plane (100). The connections among calcium
polyhedra define a network of eight-membered rings.

TABLE 5. FORMULA UNIT, DENSITY AND UNIT CELL OF OLSHANSKYITE:
COMPARISON BETWEEN THE OLD AND NEW RESULTS

(A) ) © (A) (B ©

CaO wt% 34.50 35.84 33.61 Density (g cm™) 2.19 231 220

B,0, 29.64 29.66 31.30

H,0 (+) 34.54 34.50 35.09 Unit-cell dimensions

H,0 () 1.21 a(R) 9.991 7.975 7.953
b 14.740 9.896 9.873

total 99.89 100.00 100.00 c 7.975 7.370 7.362
a(®) 94.53 111.06 111.00

Caapfu 291=3 210=2 B 69.08 94.53 94.65

B 4.02=~4 291=3 % 112.44 107.56 107.53

H 18.02 ~ 18 13.09 = 13 V (A% 1011.7 505.9 502.9

(o] 18.00 13.00 VA 3 15 2

(A) Chemica composition and measured density; unit cell derived from X-ray powder data (Kusachi & Henmi 1994).

(B) Formula unit from the data of column (A) and calculated density (Kusachi & Henmi 1994); the unit cell is the same of
column (A), but transformed according to the matrix 001/1% 0-0%0.
(C) Formula unit from the data of column (A) and calculated density; unit cell obtained from single-crystal X-ray diffraction

(present work).
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